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1. BACKGROUND 

The U.S. Department of Energy (DOE) supports the development of commercial building energy codes 

and standards by participating in industry review, update processes, and providing technical analyses to 

support both published model codes and potential changes. DOE publishes its findings to ensure 

transparency in its support, and to make its analysis available for both public review and use. In 

conjunction with this effort, DOE’s flagship building energy model (BEM) tools consist of the open-

source EnergyPlus simulation engine and OpenStudio. These tools allow a user to modify a building, 

estimate energy use, and new releases are typically downloaded by over 20,000 users. 

As part of DOE's support for ANSI/ASHRAE/IES Standard 90.1 [1] and International Energy 

Conservation Code (IECC) [2], researchers at Pacific Northwest National Laboratory (PNNL) apply a 

suite of prototype buildings covering approximately 80% of the commercial building floor area [3][4] in 

the United States for new and existing construction, including mid- to high-rise residential buildings, 

across all U.S. climate zones. These prototype buildings–derived from DOE's Commercial Reference 

Building Models [5]–cover all Reference Building types (except for supermarkets), and an additional 

prototype representing high-rise apartment buildings. As Standard 90.1 and IECC are updated every three 

years, PNNL makes modifications to the commercial prototype building models with extensive input 

from ASHRAE 90.1 Standing Standards Project Committee (SSPC) members and other building industry 

experts. 

The prototype models include 16 commercial building types in 17 climate locations (across all 8 U.S. 

climate zones) for recent editions of Standard 90.1 and IECC. The current combination results in an 

overall set of 2,176 total building models (in EnergyPlus Version 8.0). Of these building types, all three 

office building types (i.e., Large office, Medium office, and Small office) have only one space type 

assigned, which is “office” space type. As typical office buildings include many other space types such as 

conference room, restroom, enclosed office, the office prototype models could not be easily used to 

properly assess changes (i.e. measures applied) to difference spaces commonly found in an office. As an 

effort to overcome this limitation, both Large and Medium office prototype building models have been 

revised to accommodate typical space types found in office buildings [5] [5]. This work has added new 

space types to the small office, with properties based on Standard 90.1, and compared energy use of this 

newly-improved small office with that of the original small office. 
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2. NEW SMALL OFFICE OS PROTOTYPE MODELS 

The small office prototype model is one of 16 building types for the prototype models. The small 

office building model is a 1-story building with 5,500 ft2 (90.8ft x 60.5ft) of conditioned floor area, 

as shown in Figure 1. The building has four perimeter zones, and one core zone with perimeter zone 

depth of 16.4 ft. The building has also unconditioned attic space. Window-to-wall ratio is 

approximately 24.4% for South and 19.8% for the other tree orientations. The construction of the 

exterior walls and roof are wood-frame walls, and attic roof with wood joist, respectively. The 

foundtion type is slab-on-grade. The building HVAC system is air source heat pump systems with 

gas furnace as back up. The system is constant volume single zone system. Further details regarding 

the small office prototype building model can be found in [6]. 

 

 
Figure 1. 3D rendering of the original small office prototype building model 

 

Although the typical office building contains various space types such as open office, enclosed 

office, conference room, restroom, and corridor, the existing small office prototype has a uniform 

space type, which is defined as “office”. As the prototype model has this single space type, the 

lighting power density, plug load, occupancy, ventilation rate, and their schedules are also uniform 

throughout the entire building. In order to fully utilize OpenStudio Space type measures, the small 

office prototype model needs to include more detailed space types similar to other prototype 

building models (e.g. hospital). This document describes the detailed procedure used to update the 

original small office prototype building model to include various space types, and provides 

comparative analysis between the original EnergyPlus Prototype model and updated OpenStudio 

Prototype models in terms of energy use. 

 

2.1 Update for Space Types 

The original small office prototype was developed based on building characteristics found in National 

Commercial Construction Characteristics (NC3) database [7]. Originally, the NC3 data set was developed 

to help provide answers to questions on current commercial design practices, which are important inputs 

to analyze regarding commercial building energy consumption. The data set is populated with over 130 

possible building characteristics for 340 buildings from across the United States. The building 

characteristics were extracted from sets of real building plans and specifications acquired from the F.W. 

DODGE Plans Service Division of McGraw Hill. These represent buildings that were in the bid process 

during the summer of 2001 through the spring of 2007.  

 

Table 1 shows the detailed space type and area fraction for the small office prototype model, which was 

originally developed by PNNL based on the data from NC3. The updated OS small office prototype 
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building model follows the space types and their % space areas defined in Table 1. Once space types are 

assigned for the corresponding space area, typical small office building plans [8][9][10] were reviewed to 

define the new space allocations to the original office model.  

Table 1. Space types and area fractions for major zones of the updated small office 

Total Area 
(sq.ft) 

Space Area Fraction 

5,500 Office open plan 15% 

Office enclosed 29% 

Conference/meeting room 8% 

Corridor/Transition 12% 

Active Storage area 14% 

Restrooms 4% 

Lounge/Recreation area 2% 

Electrical/Mechanical 2% 

Stairway 3% 

Lobby 6% 

Other 5% 

 

In this new small office prototype model, building envelope (i.e., wall, roof, and windows) thermal 

properties and HVAC system type remain the same with the original small office prototype building 

models. The HVAC system capacity will be auto-sized and therefore may be different from the original 

model.  

 

The number of occupants, plug load density (W/ft2), lighting power density (W/ft2), and ventilation load 

are varied based on the space type as defined in ASHRAE Standard 90.1 and 62.1. However, the 

schedules for occupancy, lighting power, and plug loads remain the same with the original model. 
  
Figure 3 illustrates the new prototype floor layout for the small office building. Figure 3 shows the 3D 

rendering of the new prototype small office building model.  
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Office - open plan 

Office - enclosed 

Corridor/Transition 

Conference Meeting 

Storage 

Restrooms 

Electrical/Mechanical 
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Office - enclosed 
Corridor/Transition 

 
 

Figure 2. New small office prototype model layout 
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Figure 3. 3D rendering of the new small office prototype building model 

 

2.2 Input Comparison 

Table 2 -5 compare the input values for the original reference and prototype models and the updated 

models for different vintages of the ASHRAE 90.1 standard. The variables include lighting power, 

ventilation rate, occupancy, and electrical equipment power per area. As previously mentioned, the 

original model has a single uniform space type, office, and there is only one input value per each 

category. The updated model has various space types, and each space type has different input values 

based on the definitions from the ASHRAE 90.1[1] and ASHRAE 62.1[11].  

 

The last row of each table shows the area/occupancy weighted average input value for the new prototype 

building model. It appears, in general, the average input value for the new model is comparable with the 

original single input value except for the ventilation rate for 2004 vintage (new 0.21 ft3/min-ft2 vs. 

original 0.1 ft3/min-ft2.). Due to largely increased ventilation rate in this vintage, it is expected there 

would be increased heating energy use specifically for cold climate zones. This will be discussed further 

in next section - output comparison.   
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Table 2. Lighting, ventilation, occupancy, and elec. equipment per area for ASHRAE 90.1-2004 

Prototype Space Type Lighting 
per Area 
(W/ft2) 

Ventilation 
per Area 

(ft3/min*ft2) 

Ventilation per 
Person 

(ft3/min*person) 

Occupancy per 
Area 

(people/1000 
ft2) 

Electric 
Equipment 

per Area 
(W/ft2) 

Original WholeBuilding - Sm Office 1 0.1 - 5.6 0.63 

Updated Storage 0.8 0.15 0 0 0 

Stair 0.6 0.05 0 0 0 

Restroom 0.9 0.05 0 0 0.27 

OpenOffice 1.1 0 20 5.25 0.96 

Lobby 1.3 0 15 10 0.27 

Elec/MechRoom 1.5 0.15 0 0 0.27 

Corridor 0.5 0.05 0 0 0.29 

Conference 1.3 0 20 50 1 

ClosedOffice 1.1 0 20 4.75 0.87 

Weighted Average 1.01 0.21 - 7.36 0.60 

 

Table 3. Lighting, ventilation, occupancy, and elec. equipment per area for ASHRAE 90.1-2007 

Prototype Space Type Lighting 
per Area 
(W/ft2) 

Ventilation 
per Area 

(ft3/min*ft2) 

Ventilation per 
Person 

(ft3/min*person) 

Occupancy per 
Area 

(people/1000 
ft2) 

Electric 
Equipment 

per Area 
(W/ft2) 

Original WholeBuilding - Sm Office 1 0.1 - 5.6 0.63 

Updated Storage 0.8 0.12 
 

0 0 

Stair 0.6 0.06 
 

0 0 

Restroom 0.9 0.06 
 

0 0.27 

OpenOffice 1.1 0.06 5 5.25 0.96 

Lobby 1.3 0.06 5 10 0.27 

Elec/MechRoom 1.5 0.12 
 

0 0.27 

Corridor 0.5 0.06 
 

0 0.29 

Conference 1.3 0.06 5 50 1 

ClosedOffice 1.1 0.06 5 4.75 0.87 

Weighted Average 1.01 0.11 - 7.36 0.60 
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Table 4. Lighting, ventilation, occupancy, and elec. equipment per area for ASHRAE 90.1-2010 

Prototype Space Type Lighting 
per Area 
(W/ft2) 

Ventilation 
per Area 

(ft3/min*ft2) 

Ventilation per 
Person 

(ft3/min*person) 

Occupancy per 
Area 

(people/1000 
ft2) 

Electric 
Equipment 

per Area 
(W/ft2) 

Original WholeBuilding - Sm Office 0.9 0.085 - 5.6 0.63 

Updated Storage 0.63 0.12 
 

0 0 

Stair 0.69 0.06 
 

0 0 

Restroom 0.98 0.06 
 

0 0.27 

OpenOffice 0.98 0.06 5 5.25 0.96 

Lobby 0.9 0.06 5 10 0.27 

Elec/MechRoom 0.95 0.12 
 

0 0.27 

Corridor 0.66 0.06 
 

0 0.29 

Conference 1.23 0.06 5 50 1 

ClosedOffice 1.11 0.06 5 4.75 0.87 

Weighted Average 0.94 0.11 - 7.36 0.60 

 

 

Table 5. Lighting, ventilation, occupancy, and elec. equipment per area for ASHRAE 90.1-2013 

Prototype Space Type Lighting 
per Area 
(W/ft2) 

Ventilation 
per Area 

(ft3/min*ft2) 

Ventilation per 
Person 

(ft3/min*person) 

Occupancy per 
Area 

(people/1000 
ft2) 

Electric 
Equipment 

per Area 
(W/ft2) 

Original WholeBuilding - Sm Office 0.82 0.085 - 5.6 0.63 

Updated Storage 0.63 0.12 
 

0 0 

Stair 0.69 0.06 
 

0 0 

Restroom 0.98 0.06 
 

0 0.27 

OpenOffice 0.98 0.06 5 5.25 0.96 

Lobby 0.9 0.06 5 10 0.27 

Elec/MechRoom 0.42 0.12 
 

0 0.27 

Corridor 0.66 0.06 
 

0 0.29 

Conference 1.23 0.06 5 50 1 

ClosedOffice 1.11 0.06 5 4.75 0.87 

Weighted Average 0.93 0.11 - 7.36 0.60 
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2.3 Output Comparison 

In this new prototype model development, there was no attempt to match the energy use for the new 

prototype building models to the energy use of the original building models. Since the new model has 

more space types and associated space attributes, the energy use for the new model should be expected to 

be different. However, we perform an energy use comparison between the new and original prototype 

building models to ensure reasonable trends and patterns in comparing the small office across climate 

zones and for different vintages of the ASHRAE 90.1 standard.  

 

Table 6 and Figure 4 compare the annual total energy use for the original OS small office building and the 

newly developed OS small office building for the selected climate zones and ASHRAE 90.1 vintages. 

Given the changes in the occupancy density, lighting and plug load, and OA ventilation rates in the new 

prototype building model, the energy uses for two different models show close agreement. In general, the 

energy use for the new model is slightly larger than the original.  

 

As discussed previously, the new models for ASHRAE 90.1-2004 show higher energy use in cold 

climates than the original model. This is mainly caused by increased OA ventilation loads compared to 

the original model. The percent difference between the two models ranges from 0-10%. 

 

Table 6. Annual energy use comparison between the original OS prototype small office building and the 

new OS prototype small office building. 

Template Climate Zone Original OS Prototype Model 
Total Annual Energy Use  

(GJ) 

New OS Prototype Model 
Total Annual Energy Use  

(GJ) 

Percent Differences 
 (%) 

90.1-2004 2A 238.35 241.9 1% 

3B 230.88 233.86 1% 

4A 237 251.42 6% 

5A 257.55 279.74 9% 

6A 264.45 291.52 10% 

90.1-2007 2A 229.6 229.2 0% 

3B 221.74 222.33 0% 

4A 229.88 234.44 2% 

5A 244.06 250.93 3% 

6A 249.86 256.76 3% 

90.1-2010 2A 205.29 209.37 2% 

3B 199.22 203.59 2% 

4A 205 213.52 4% 

5A 217.68 229.47 5% 

6A 222.55 235.35 6% 

90.1-2013 2A 174.17 177.66 2% 

3B 170.51 174.54 2% 

4A 174.55 184.13 5% 

5A 187.03 200.41 7% 

6A 194.01 209.08 8% 
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Figure 4. Annual energy use comparison between the original OS prototype small office building 

and the new OS prototype small office building. 

 

3. CONCLUSIONS 

This work has updated the small office prototype model with inclusion of new space types based on 

definitions in existing standards. This updated small office is provided in OpenStudio which will be 

compatible with all future versions of EnergyPlus and allow application of Space measures to modify a 

building energy model of a small office. 
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